Hines, Freeman, and Pearson (8) demonstrated that spheroplasts of Brucella could be induced by a variety of agents which alter, but do not completely remove, cell wall. The nature of the surface alteration was partly dependent upon the agent used. Their preliminary immunological data indicated that most of the cellular antigens were present, and that no new surface antigens appeared in spheroplasts.
Freeman, Kross, and Circo (4) demonstrated that rough Brucella are more destructive to guinea pig monocytes in vitro than to smooth virulent Brucella cells. Freeman and Rumack (5) reported that spheroplasts and rough cells were considerably more cytopathogenic than normal smooth B. suis, suggesting that removal of surface components resulted in increased cytopathogenicity.
Aside from numerous investigations on the immunogenic activity of cell walls and cytoplasm of microorganisms, little attention has been given the antigenicity of protoplasts, and, more notably, of spheroplasts of gram-negative bacteria. Investigations (1, 15) (13) . Protein concentrations were determined by the method of Lowry et al. (9) , and the antigen suspensions were adjusted to contain 15 to 20 mg of protein per ml.
BRUCELLA SPHEROPLAST ANTIGENS induced with either penicillin, glycine, or a combination of the two, by methods described earlier (8) . The spherical forms were harvested and washed in Tryptose Broth containing 0.2 M sucrose. After centrifugation, 1 ml of packed spheroplasts was suspended in 4 ml of distilled water and was treated in the same manner described above for the normal soluble antigen preparations.
Triplicate antigen preparations were prepared at intervals up to several months, and remained stable without apparent change of antigenic reactivity for periods up to 9 months at 5 C.
Antisera. Specific immune serum against smooth cells and each of the three spheroplasts was prepared in rabbits. A 1-ml amount of the appropriate packed cell form was suspended in 4 ml of sterile saline and was mixed with 10 ml of Freund's complete adjuvant. A 0.5-ml amount of each emulsion was used for an initial subcutaneous inoculation. Rabbits then received intraperitoneal injections of 2 ml of the appropriate antigen emulsion at weekly intervals. These preparations showed moderate toxic manifestations, but induced good antibody formation. Antiserum was obtained by cardiac puncture from each rabbit 1 week after the third antigenic dose. Antibody formation in those rabbits receiving the penicillin-glycine spheroplast preparations was poor; therefore, they were bled after the fifth antigen injection. Pooled antiserum from each group ofrabbits was preserved with 1: 10,000 Merthiolate and stored at -20 C.
Antiserum absorptions. A 5-ml amount of each antiserum was homologously absorbed with 1 ml of the packed, formalin-killed, and washed cells used for immunization to ascertain the surface antigens present in each cell form. The mixtures were incubated, with stirring, at 37 C for 2 hr, followed by storage at 5 C for 18 hr. They were clarified by centrifugation; the serum was then removed and stored at 5 C.
Immunoelectrophoretic methods. The supporting medium for immunoelectrophoresis consisted of a 1% solution of Difco Purified Agar in 0.075 M barbituric buffer (pH 8.6) which was pipetted in 2-ml quantities onto clean level microscope slides. A template with two antigen wells and one antiserum trench was used for all permutations of antigens and antisera. For additional comparison and further clarification of shared components, a template of one antigen well and two antiserum trenches was employed for all permutations.
A 2-,uliter amount of the test antigen was pipetted into the appropriate well(s) of each slide and was electrophoresed in an N.I.L.-Agafor Micro-electrophoresis Cell, model 5-2010 , by use of a regulated power supply. A 0.05 M barbituric buffer (pH 8.6) was used in the vessels of the electrophoresis chamber. A total of 150 volts, 23 ma, was applied for 100 min to groups of 8 slides. Increased voltages destroyed a number of the antigens, whereas decreased voltages or reduced running times resulted in poor separation of antigenic components.
After electrophoretic separation, predetermined quantities of the appropriate antiserum were applied to the trench(es) of each slide and were allowed to react at 25 C for 48 hr in a moist chamber. At the end of this period, the slides were washed in 0.85% saline, dried, and stained with Crocein Scarlet MOO (3); they were then photographed. The number and position of immunoprecipitate lines were recorded from the original slides, since some of the weaker lines were not clearly visible in the photographs. The data given here were based on the reactions of triplicate antigenic preparations prepared at intervals up to several months. RESULTS In the interpretation of the antigenic analyses of this study, immunoprecipitate lines are designated by a code in which lines representing the negatively charged antigens are referred to by letters; lines representing the positively charged or nonmigrating antigens are assigned arabic numerals. For convenience, this designation assumes no electro-osmotic effects on migration. We have further designated the more strongly precipitating antigens as "major," and the designation of their respective lines are either italicized or appear in upper case. By the letter and numerical designations of the reported antigens, we imply no association with any previously described antigenic fractions of Brucella, such as the A antigen of Wilson and Miles (16) , nor with antigenic fractions of other microorganisms. Figure 1 is a composite drawing of the normal positions of the precipitate lines seen in the photographs. Since it illustrates the normal immunoprecipitate positions, it may be used as a point of reference for interpretation and clarification of antigenic relationships.
Immunoelectrophoretic reactions with immune sera. Figure 2 shows the results obtained when antiserum against each cell preparation was added to the smooth cell sonic-treated test antigen. The original slide showed 10 visible antigen-antibody complexes in the reaction of the sonic-treated material with antiserum to smooth B. suis 32P. Antigen I was obviously a strongly precipitated, nonmigrating antigen, whereas 2 and 3 appeared to be minor, positively charged antigens; these three antigens were seen only in sonically disrupted smooth cells treated with homologous antiserum. Antigens 4 and 5 tended to show long tails, beginning at the point of origin, perhaps because of varying states of aggregation of these two antigens. Antigens A, C, and E appeared as strongly precipitated, negatively charged antigens, whereas b and d were weakly precipitated, negatively charged antigens. When this sonictreated material was reacted with antiserum to the spheroplasts, three additional antigens, f, g, and h, became apparent. These antigens also were seen when sonic-treated spheroplasts were reacted with spheroplast antisera (Fig. 3, 4, and 5) . The reactions of the glycine spheroplast preparation (Fig. 4) indicated that its antigenic composition was quite simple. When treated with homologous antiserum, only the lower part of antigen 5, in addition to antigens e and h, was demonstrable. Traces of antigen 4, however, were seen in reactions of this sonic-treated material with hererologous antisera.
The sonic-treated penicillin-glycine spheroplasts, when reacted with each of the antisera (Fig. 5) periments were performed to determine which of the antigens were located on the surface of normal cells and spheroplasts. When homologously absorbed antiserum to smooth B. suis 32P was reacted with the sonic-treated smooth cell, the absence of precipitate lines to antigens 2, 3, b, d, and E could be correlated with the absorption. Antigen E was not absent, however, when this absorbed antiserum was reacted with the sonictreated spheroplast materials.
Homologously absorbed antisera to all three types of spheroplasts failed to precipitate with any of the test antigen preparations after electrophoresis, indicating that all antigens in spheroplasts might be present on their surfaces. DIscussioN Although studies by other workers on the antigens of Brucella (11, 12) , with use of double diffusion, hlave implied 6 to 10 antigen-antibody complexes, preliminary studies in this laboratory demonstrated that gel diffusion was not satisfactory for elucidating the quantitative differences in the antigenic structures of normal cells and spheroplasts of B. suis 32P. The technique of immunoelectrophoresis resolved this problem because of its high resolution and reproducibility, thus providing a more accurate estimation of the number of antigen-antibody systems.
Each of the replicate samples gave similar, if not identical, patterns, yet the variation with respect to the different antisera was often striking. For example, antibody to antigen h (Table 1 ) was obviously present in antiserum to glycine spheroplasts, since the antiserum showed a precipitate with antigen h in test antigen preparations of all spheroplasts. This antiserum, however, failed to precipitate antigen h, known to be present in the smooth sonic-treated cells. Such variations might have been owing to one of several factors. The antigens may have been present in marginal concentrations in the test or immunizing antigens, or both. On the other hand, although attempts were made to determine the optimal concentration of each antiserum required for reaction with each sonic-treated fraction, the failure to give visible precipitation might be due to antigen excess.
Interpretation of the data from Table 1 indicated that antigens 1, 2, 3, b, and d appear to be associated only with the smooth normal cells. Antigens g and h appeared only with spheroplast antisera, and, because of their constancy, must then be assumed to be present in greater amounts in the spheroplasts than in normal cells. At least a portion of antigens 4 or 5, or both, appeared to be present in all preparations of normal cells and spheroplasts.
From the results of this study, antigenic mosaics for smooth cells and spheroplasts of B. suis 32P are postulated in Table 2 . Smooth cells have at least 13 antigens, 10 of which were precipitated with homologous antiserum and three that were visualized only by reaction with spheroplast antisera. Glycine spheroplasts were the least complex with only six antigens. Penicillin-glycine spheroplasts were similar, but possessed an additional antigen. Penicilin spheroplasts were the most complex of the spherical forms, with eight antigens clearly demonstrated. Glenchur et al. (6) , using immunoelectrophoresis, reported that whole soluble B. melitensis induced six precipitat'mg antibodies in rabbits.
Intact bacterial cells have been reported to react only with antibodies against their surface antigens, since such cells are impermeable to antibody molecules. The absorption studies reported here suggest that antigens 2, 3, b, d, and, possibly E are associated with the outer layers of B. suis 32P, since antibodies to these antigens are absorbed by the intact normal cells. Although the association of these antigens with the cell surface is clear, their presence within the deeper structures of the cell is not precluded. Except for varying amounts of antigen E in spheroplasts, none of these appeared to be associated with the spherical forms. Other than the implication that they are not surface antigens, the location of the other antigens within the cell was not established.
We have established a minimum of 13 antigens characteristic of B. suis and its spheroplasts. A number of these antigens were no longer discernible after the process of spheroplast formation, and, although the spheroplasts were very similar in their antigenic makeup, they are clearly distinguishable from one another, and from normal smooth cells by the technique of immunoelectrophoresis. The postulated antigenic structures may serve as immunoelectrophoretic models for comparison of antigenic changes occurring in intracellularly grown Brucella. Such studies may confirm the previous observation that intracellular forms of Brucella in tissue, culture monocytes undergo alterations in their cell surfaces (14) . 
